This paper analyzes deviations from uncovered interest rate parity which are interpreted as indicator of the substitutability of currencies. Backward recursive statistical tests and error correction models are applied to study the co-movement of interest rates, and rolling regressions are used to illustrate size and volatility of country specific risk premia. In accordance to their degree of monetary integration with the Euro area, EU acceding and accession countries are divided into three groups. Additionally, the results show that uncovered interest rate parity is well supported by empirical evidence if it is augmented by a country-specific risk premium.
Introduction
In December 2002, the European Union has closed negotiations for EU membership with 10 acceding countries. These countries are Cyprus, the Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, the Slovak Republic and Slovenia. It is planned that these countries join the EU in time for the elections to the European Parliament scheduled for June 2004. 1 Three other countries have applied for membership: Bulgaria, Romania and Turkey. However, negotiations have not yet started with Turkey, or are not yet closed in the case of the two accession countries Bulgaria and Romania. Unlike Denmark and United Kingdom, the ten acceding countries do not have a special status with respect to the European Monetary Union (EMU). They will join EMU with the status "countries with a derogation" and are supposed to adopt the Euro as soon as economic convergence is achieved (European Central Bank, 2002a) . Sweden holds also the status of a country with derogation and is committed by the Treaty establishing the European Community to adopt the Euro. Because Sweden has not joined the European Exchange Rate Mechanism (ERM II) yet, it can not fulfill one of the Maastricht criteria, namely membership in the ERM II for at least two years without devaluation, see European Central Bank (2002b, p. 3).
The purpose of this paper is to analyze convergence of interest rates and stability of exchange rates in the EU acceding and accession countries. The EU members Denmark, Sweden and United Kingdom are also included in the analysis. The results are compared with evidence for Greece which has entered the Euro area in January 2001. Cyprus and Malta are excluded form the analysis because of their minor economic importance (about 1.2% of accession and acceding countries' population and about 3% of accession and acceding countries' GDP, see European Central Bank (2002a) ) and the lack of reliable data. Following uncovered interest rate parity theory, the difference of domestic and foreign interest rates should correspond to expected exchange rate change plus risk premium. When reaching economic integration, this risk premium should disappear such that the development of the risk premium can be interpreted as measure of monetary integration. This is only one aspect of economic integration; fiscal policy indicators, inflation rate and legal system, inter alia, are other important factors which are not considered here. An overview of the overall convergence processes in EU acceding and accession countries is given for example by Piazolo (2000) . Additionally, this study can also be interpreted from another perspective. Given the result that deviations from uncovered interest rate parity behave in the way that has been described above, empirical evidence is provided which supports the inclusion of uncovered interest rate parity in macroeconomic models for open economies.
The econometric procedure applied in this paper and the country-specific empirical results provide useful information for the assessment of the acceding countries' convergence procedure in terms of the development of country-specific risk premia. This information is important for at least two reasons: (1) It reveals how participants in financial markets assess the convergence status of the acceding countries. Costs and benefits of EMU enlargement will depend inter alia on financial markets' confidence in the proper selection of new EMU members 2 , and public confidence is reflected in convergence of interest rates and exchange rate stability. (2) Structural theoretical models describing monetary convergence and integration are needed to analyze 1 Detailed information about negotiations and the accession process can be found on the homepage of the EU Commission: http://europa.eu.int/comm/enlargement/intro/index en.htm. 2 See de Grauwe (2003a) for a general discussion of costs and benefits of European Monetary Union; Bayoumi and Eichengreen (1997) provide an optimal currency area (OCA) index for European countries, and de Grauwe (2003b) discusses OCA aspects of EMU enlargement.
welfare effects of monetary policy strategies in general and of the European integration process in special. As uncovered interest rate parity is an important component of theoretical monetary international economic models, the empirical evidence reported in this paper may serve as stylized facts which may be useful for the specification, parameterization and also for the evaluation of theoretical models. Obstfeld and Rogoff (1995) , for a recent exposition see Mark (2001) .
Based on arbitrage considerations uncovered interest rate parity (UIP) states that the interest rate differential between two countries has to equal the expected change in the exchange rate.
where
t+k − s t , k is the maturity in months related to the interest rates, and superscript e indicates expected values. Domestic and foreign interest rate have to be identical with respect to maturity, uncertainty, default probability etc. of the corresponding asset. The factor (12/k) annualizes the expected exchange rate change in order to have the same horizon as the interest rates. According to UIP, a higher domestic interest rate indicates an expected devaluation of the domestic currency while a lower domestic rate than the reference interest rate indicates an expected appreciation of the domestic currency.
However, this strict form of UIP can only be expected to hold, if foreign and domestic currency are perfect substitutes. This is rather seldom the case such that the relation has to be augmented by a country-specific and possibly time varying risk premium φ t :
The risk premium is positive if the domestic interest rate is higher than UIP predicts. The time path of φ t can ex post be interpreted as an indicator for the substitutability of domestic and reference currency by replacing the expected exchange rate change with the ex post observed exchange rate change. If a systematically positive or negative risk premium exists, the two currencies are not yet close substitutes, which indicates that monetary integration has not been achieved yet. On the other hand, if the risk premium fluctuates with low or diminishing variance around zero, domestic and reference currency are accepted as close substitutes which may be interpreted as evidence in favor of economic integration. Imposing on average correct exchange rate change expectations by replacing ∆s e t+k by ∆s t+k is not very restrictive here: Large and frequent forecast errors should only occur if monetary integration is low such that the interpretation of the observed UIP deviation is not distorted by the assumption of correct exchange rate change expectations. Moreover, since expectations are assumed to be rational, expectation errors average out over time.
Deviations form UIP are also used as a measure of financial integration for a group of industrial countries by Lothian (2002) . The development of country-specific risk premia in the three acceding countries Czech Republic, Hungary and Poland has been analyzed by Orlowski (2003) who distinguishes between inflation rate premium and and exchange rate premium and interprets a simultaneous decline in both premia as indicator for monetary convergence.
Data and Empirical Methodology
Monthly data on interest rates and exchange rates of EMU acceding and accession countries are taken from the internet home pages of central banks, some interest rates also from the International Financial Statistics (IFS) database of the IMF. 4 The sample period depends on data availability. The beginnings of the samples vary between 1994:1 and 2000:1 and the sample end between 2002:12 and 2003:07. The interest rates are money market rates or time deposit rates depending mainly on data availability. The Euro area interest rate is chosen such that it corresponds to maturity and other properties of the respective interest rate selected for the individual countries. The difference order k for the nominal exchange rate is chosen accordingly.
The following empirical methodology is applied. The risk premium is considered in terms of a stochastic process φ t . According to Wold's decomposition theorem, every covariance-stationary stochastic process can be decomposed into a deterministic process µ t and a moving-average (MA) process u t , see for example Hamilton (1994) . The stochastic term u t can be approximated by an autoregressive moving-average process of suitable order, ARMA(p, q):
where ε t is a serially uncorrelated innovation process with mean zero and constant variance. Now it can be stated that the risk premium fluctuates around a zero mean if it can be represented by a stationary ARMA process without deterministic terms, that is µ t = 0. The deterministic term should be zero because otherwise the unconditional mean of the risk premium were not equal to zero. The process should be stationary or integrated of order zero because otherwise shocks on the risk premium were persistent and the risk premium exhibited no tendency to return to its unconditional mean. Before monetary integration is achieved, a significant or even unstationary country-specific risk premium may be observed.
Given the common empirical finding that exchange rates are best described by random walks, exchange rate changes are integrated of order zero, I(0). This implies that the risk premium can only be integrated of order zero if the spread between the domestic and reference interest rates is stationary. Since interest rates themselves can be supposed to be integrated of order one, the interest rate spread can only be integrated of order zero if domestic and reference interest rate are cointegrated with cointegrating vector (1,-1). Therefore, the first step of the econometric procedure is to test if domestic and reference interest rates are cointegrated. Backwards recursive univariate ADF and PP unit root tests as well as the Johansen trace test and likelihood ratio (LR) test for restrictions on the cointegration vector are applied for this purpose. The LR trace test for the cointegration rank would also reveal the case in which both interest rates were integrated of order zero, such that univariate unit root tests for the interest rates need not to be reported here. 5 The null hypothesis of the ADF and PP unit root test is that the respective variable, that is the interest rate spread i t − i * t , exhibits a unit root. The null hypothesis is rejected if the p-value is smaller than the desired nominal significance level. The LR trace test is a test for the rank r of the matrix Π in the vector error correction representation of a n-dimensional vector autoregressive (VAR) model for domestic and foreign interest rate (n = 2), see for example Johansen (1995) or Lütkepohl (2001) :
5)
, Γ i are 2 × 2 coefficient matrices, p is the lag length of the level representation of the VAR model and e t is an 2-dimensional serially uncorrelated error term. ν reflects a constant restricted to the cointegration space. This deterministic specification implies that interest rates do not follow a linear trend and that the long-term equilibrium relation between the interest rates may include a constant term. The matrix Π can be decomposed into two (2 × r)-matrices α and β such that Π = αβ , where β denotes the cointegrating vector(s) and α = (α 1 , α 2 ) contains the adjustment parameters. α 1 , that is the adjustment coefficient of the domestic interest rate, is reported in the empirical analysis. It characterizes the adjustment of the respective accession country's interest rate in direction of the long-run equilibrium between domestic and Euro area interest rate. The null hypotheses of the LR trace tests are that the cointegration rank, that is the number of linearly independent stationary relations between the variables, is at most zero (LR (0)), and that the cointegration rank is at most one (LR(1)), respectively. The null hypothesis is rejected if the LR trace statistic is larger than the corresponding critical value. If r = 0 then there is no stationary relation. The existence of a stationary relationship between the interest rates (β x t ) is indicated by a cointegration rank of r = 1. If r = 2 both variables are integrated of order zero. When a single stationary relation between domestic and foreign interest rate is present, it will be tested if the restriction β = (1, −1) is rejected using the LR test for restrictions on the cointegration vector, see Johansen (1995) . If this restriction is not rejected, it can be concluded that the spread β x t = i t − i * t is integrated of order zero.
The LR trace test for the cointegration rank is distorted for small samples in the sense that a correct null hypotheses is rejected with a probability that may differ substantially from the nominal significance level of the test. Johansen (2002b) proposes a data and model dependent correction factor which corrects the size of the test. This correction factor is taken into account in the decision on the cointegration rank. In the graphical representations of the backward recursive tests, however, only the constant asymptotic critical values are depicted. The corrected critical values vary with each recursive step and would make the graphs much less readable. 6 A similar correction is possible for testing restrictions on the cointegration vector, see Johansen (2000 Johansen ( , 2002a . Since the null hypothesis is usually rejected too often, the correction may only change the test result when the restriction is rejected. Since this is only twice the case in the empirical application (Greece and Latvia), this correction has not been implemented here.
In the second step, rolling regressions with a window of 24 observations of the type:
allowing for a non-zero, locally constant risk premium φ 0 , are performed. The window size is set to 24 months because this is also the length of the reference period for the Maastricht criteria. 7 The MA term is included to take into account that an MA error is possibly introduced by taking k th differences of the exchange rate. The empirical calculations have shown that one AR and one MA term are sufficient to eliminate autocorrelation in the residuals. The inverted root of the AR polynomial is checked, and if the AR polynomial is actually stationary, it is tested within every window whether the constant φ 0 is significant at the 5%-level. Additionally, the standard error of the regression, σ ε , is analyzed. Because there might be heteroscedasticity even in the 24 months windows, the Newey-West heteroscedasticity and autocorrelation consistent (HAC) estimator for the covariance matrix is used, see Hamilton (1994, p. 282 f.) .
Together with the information about the cointegration properties of the interest rates, the recursively calculated time paths of the risk premium φ 0 and the corresponding standard error of the residuals, which is a measure of the volatility of the risk premium, are used to assess the integration status of the acceding countries.
Empirical Results

The Benchmark Case: Greece
Greece has joined EMU in January 2001 and is the only country that entered the Euro area after the beginning of stage three of EMU in 1999 so far. Economic convergence of Greece has been analyzed in European Central Bank (2000 Bank ( , 2001 . The 12-month deposit rate reported in IFS (17460L) is taken as Greek interest rate. This interest rate should reflect expectations about future monetary policy stance (the key interest rate of the Bank of Greece during the convergence process has been its 14-day deposit facility rate) and exchange rate changes. Accordingly, the 12-month Euro area deposit rate is the reference interest rate. Exchange rate changes are s t+12 − s t . The results of the previously described econometric procedure for Greece are as follows. Unit root tests for the spread and the likelihood ratio test for the cointegration rank of Greek and Euro area interest rates indicate that the spread can be assumed to be integrated of 6 The corrected critical values can be obtained from the author upon request. 7 The economic development of EMU accession countries which are already members of the EU is discussed in terms of the Maastricht criteria in the Convergence Report that is published every two years in May by the ECB.
order zero since the end of 1999, see figure 1. Since 1999:12, indicated by the (left) vertical line, the LR trace statistic is not only larger than the asymptotic critical value depicted in figure 1 but also higher than the corrected critical value, see table 1. At that time, the Greek interest rate has been about 6 percentage points above the Euro area interest rate and the spread stayed positive until end of 2000. However, according to the test results, the cointegration vector (1,-1) has been an attractor for the Greek interest rate since then. In the corresponding VECM with one lagged difference as indicated by the Akaike Information Criterion and a constant restricted to the cointegration space, the LR test statistic for the (1, −1)-restriction has a p-value of 3.5% 8 , and the Greek deposit rate adjusts significantly (adjustment parameter α 1 : −0.07, t-statistic: −2.82) while the Euro area deposit rate adjustment coefficient is not significant. Therefore, it is assumed in the following that the spread is stationary since 1999:12. This is also compatible with the results of the recursive ADF and PP unit root tests, see figure 1 (b) . In part (c) of figure  1 , the rolling intercept φ 0 and the rolling standard deviation of ε t are depicted. It can be seen that the development of deviations from UIP corresponds quite well to the results of the cointegration analysis. The average risk premium tends to zero in the beginning of the year 2000 and it stays small and insignificant when only observations from 1999:12 onwards are included in the regression (2001:11, right vertical line). There are some periods for which no average risk premium is reported. The AR polynomial in the corresponding regressions is non-stationary. It can also be seen that the standard error of the innovation process ε t is decreasing sharply after 1999:12 and converges at about 0.2 percentage points when only observations after 1999:12 are included in the regression, that is from 2001:11 onwards. Overall, it can be stated that Greece has been very close to integration in the beginning of 2000 confirming the decision by the ECOFIN council of June 2000 that Greece had fulfilled the necessary conditions to join the Euro. 9 The uncertainty in terms of the variability of deviations from UIP have been reduced to the current level until the entrance of Greece in January 2001.
EU Members Denmark, Sweden and United Kingdom
Denmark and the United Kingdom have a special status with respect to EMU. They are not obliged to adopt the single currency. However, they have the possibility to join the Euro area if they declare that they are willing to join and if they fulfill the necessary conditions, see European Central Bank (2002b). Sweden does not take part in the Exchange Rate Mechanism II (ERM II) but is committed by the EU Treaty to adopt the Euro as soon as convergence has been achieved. The results for these three countries are reported in table 1 and in figures 2 to 4. For none of these countries the evidence is unambiguous. The uncertainty seems still to be relatively high in case of Sweden and United Kingdom and their interest rates are not cointegrated with the corresponding Euro area interest rates. The trace statistic LR(0) exceeds the 5% asymptotic critical value in case of UK but not the corrected critical value. The same result for the trace statistic can be observed for Denmark. However, the current interest rate spread (0.05) and the risk premium (0.17) are quite small, and the standard error (0.23) of the rolling risk premium regression has declined strongly in case of Denmark. These results are compatible with the monetary policy strategies of these three EU members. While Sweden and United Kingdom are 8 Recall that the LR test for restrictions on the cointegrating relations rejects a correct null hypotheses too often compared to the nominal significance level in small samples. Therefore, a p-value of 3.5% is regarded not small enough for rejection with respect to the nominal significance level of 5% applied throughout the paper. 9 Figure 1 (a) shows that the exchange rate criterion, that is a stable and non-depreciating currency in the two years prior to Euro area entrance has only been achieved by a sharp devaluation at the time of joining the Exchange Rate Mechanism in March 1998. Notes: Column 3 (Spread I(0)) indicates since when the spread can be supposed to be stationary, column 4 (Spread) is the difference between domestic and euro area interest rate at the end of sample (December 2000 in case of Greece). Column 5 (LR(0)/CV) reports the trace statistic for the hypothesis r = 0 together with corrected 5% critical values (sample beginning according to column 3), and column 6 (LR p) is the p-value of the likelihood ratio statistic for the test of the restriction (1,-1) on the cointegration vector in the two-dimensional vector error correction model for domestic and euro area interest rate with a constant restricted to the cointegration space and lag length selection according to AIC (sample starting with period indicated in column 3). Column 7 (α 1 ) is the adjustment coefficient of the domestic interest rate in the corresponding VECM. Column 8 (φ 0 ) is the estimate of φ 0 for the most recent window (1999:1-2000:12 for Greece). Bold face in columns 7 and 8 indicates significance at the 5% level. Column 9 (σ ε ) is the standard error of regression for the most recent window.
independent inflation targeters, the goal of monetary policy in Denmark is to support Denmarks fixed-exchange rate policy toward the euro.
The EU Acceding Countries
The results for the EU acceding countries are presented in table 1 and figures 5 to 12. With respect to the degree of monetary integration these countries can be divided into three groups. The first group exhibits stationary and relatively small interest rate spreads, adjustment of domestic interest rates in direction of the corresponding Euro area interest rate, small or non-significant risk premia and low or declining uncertainty. This group consists of Estonia and Lithuania. The interest rate spreads of these two countries against the Euro area are about half a percentage point and the Estonian and Lithuanian interest rates adjust significantly in direction of the euro area interest rate. The risk premium is very small in case of Estonia and not significant for Lithuania. Estonia seems to be the acceding country with the highest degree of monetary integration. The spread between 3-month Talibor and Euribor is stationary since 1999:1 which fits very well with the fact that the Estonian kroon has been fixed against the Euro since January 1999 (currency board); the Estonian interbank offering rate (Talibor) adjusts significantly ( The second group does also exhibit stationary interest rate spreads against the euro area. The Czech Republic, Latvia and Slovakia belong to this group. These countries are not in the first group because of a relatively high risk premium (CZ), a relatively large devaluation in recent time (LV) which can be seen in the negative risk premium, or a still relatively large interest rate spread (SK). Overall, however, these three countries seem to be on a straight way to monetary integration with the Euro area.
The countries in the third group are Hungary, Poland and Slovenia. The interest rate spreads are instationary for these countries. The LR trace statistic exceeds the asymptotic 5% critical value for some samples but does never exceed the corresponding corrected critical value. This empirical result is also compatible with current economic developments in these three countries. In Hungary, the debate between central bank and government about exchange rate intervention, the inflation target and the effect of fiscal policy on inflation leads to increasing uncertainty about the future development. This is reflected in the increasing standard error of the rolling risk premium regression. The Polish zloty is depreciating since more than a year. This depreciation is stronger then the interest rate differential leading to a negative (non-significant) risk premium. For Slovenia, the interest rate spread is still relatively high, and the Slovenian tolar is depreciating continuously such that monetary integration cannot be stated yet. However, the Slovenian exchange rate policy seems to be viewed as sustainable and predictable by the financial markets which is reflected by a relatively low and stable risk premium.
Accession Countries: Bulgaria and Romania
According to the empirical results presented in table 1 and figures 13 and 14, Bulgaria and Romania can be put in the third group of countries. Bulgaria has introduced a currency board against the Deutsche Mark in 1997 (since 1999 against the Euro) and has been able to maintain the currency board up to now. However, the Bulgarian and the euro area money market interest rates are not cointegrated, see unit root tests and LR trace statistic in figure 13 , and the uncertainty measured by the standard error of the risk premium regression is low but increasing. The example of Bulgaria shows that the introduction of a currency board is not sufficient to stabilize the relationship between domestic and euro area interest rates. Therefore, the inclusion of Estonia and Lithuania, which have both currency boards, in the first group does not simply reflect the choice of the exchange rate regime. The currency board seems to be helpful as it signals a strong commitment to stability, but it is not sufficient to achieve monetary integration like it is defined here. In case of Romania, the results are unambiguous. The Romanian 3-month money market interest rate (Bubor) is not cointegrated with the 3-month Euribor, the current spread is about 17 percentage points and there is a significant risk premium of about 7 percentage points. The decreasing speed of Romanian leu devaluation, the time paths of risk premium and standard error show that Romania exhibit a low level of monetary integration currently but is taking big steps in direction of stabilization and monetary integration.
3.5 Discussion of Results Figure 15 shows another measure of convergence of EU accession countries: the Deka Converging Europe Indicator (DCEI) calculated by the Dekabank and published in the Frankfurter Allgemeine Zeitung. This indicator lies within a range from zero to 100 and is an average of four sub-indicators based on a macroeconomic scoring model which is explained in DekaBank (2003) . Sub-indicators are calculated for real convergence, institutional design, fiscal stability and monetary integration. The monetary sub-indicator, which includes inflation, long-term interest rate, exchange rate and credit growth, leads to more or less the same results than the UIP based risk premium measure. The DCEI does also indicate a high level of monetary integration of the baltic states, the Czech Republik and the Slovak Republic. The most apparent difference between the UIP based measure and the DCEI is Poland. While Poland belongs to the less integrated group according to the UIP based categorization it has a relatively high Deka scoring value for monetary integration. Recalling the fact that the absence of currency depreciation in the last two years is one of the Maastricht criteria for EMU accession, it seems plausible to follow the UIP based measure because the Polish zloty is depreciating substantially. Overall, there is broad evidence that uncovered interest rate parity -augmented by a reasonably specified country-specific risk premium -does reflect major economic developments. The empirical evidence is strictly supportive for the inclusion of uncovered interest rate parity in empirical or theoretical macroeconomic models for open economies.
A very important further conclusion can be drawn from the Deka indicator and the UIP based approach: the convergence process is not a one way street. Some countries have fallen behind their previously already achieved degree of integration, see for example the monetary DCEI and the rolling standard error for the Czech Republic. This problematic development is not only restricted to monetary integration but is also revealed by the total Deka Converging Europe Indicator, Hungary ist the most prominent example. This underlines the importance of ongoing monitoring of the integration process and should be a warning not do underestimate the necessary efforts in order to achieve monetary integration with the Euro area.
Conclusions
This paper analyzes monetary integration with the Euro area of potential EMU accession countries. The analysis is based on a measure for the substitutability of national currencies and the Euro based on uncovered interest rate parity. Greece as the last country that joined the Euro area serves as a reference case. It turns out that Estonia and Lithuania exhibit quite stable relationships between domestic interest rate, corresponding Euro interest rate and exchange rate. Another group consisting of Czech Republic, Latvia and Slovak Republic delivers results that indicate ongoing convergence and monetary integration in the near future. A third group (Hungary, Poland and Slovenia) is still faced with high and variable interest rate spreads and deviations from UIP.
Further main results of the analysis are: (i) Compared to the convergence and integration process in Greece, all acceding countries -with exception of Estonia -exhibit more instability and uncertainty than Greece two years before its entry in EMU. Therefore, still more effort of accession countries is necessary before the central and eastern Europe transition countries may benefit from monetary union. (ii) Economic and monetary convergence do not follow a one way street. Some countries, Czech Republic and Hungary for example, are currently falling behind their previously achieved degrees of convergence and integration. (iii) The uncovered interest rate parity relation -augmented by a country-specific risk premium -gives a description of economic development which is completely compatible with narrative evidence and scoring based indicators. This result supports the inclusion of UIP in open economy macro-models and highlights the importance of country-specific risk premia for an appropriate model specification.
Though the presented evidence is only a preliminary look on the monetary integration process and does neglect other important fields of convergence, these results are important for the assessment of the convergence process before a future enlargement of the Euro area. The empirical procedure described in this paper can be applied subsequently when new data becomes available and when accession countries start joining ERM II. It may then reveal useful information for the European integration process in the future.
Appendix A. Data I thank the DIW Berlin, especially Ulrich Fritsche and Vladmir Kouzine, for their support in data collection. Source: Frankfurter Allgemeine Zeitung, 10/16/02 (p. 12), 02/27/03 (p. 14) and 07/02/03 (p. 12).
